Rhizobium japonicum grown anaerobically with nitrate produced several factors capable of transferring electrons from spinach chloroplasts lacking photosystem II to soybean root nodule nitrogenase. The same organism grown aerobically produced no factors with detectable activity. It is concluded that the bacterium is potentially capable of producing these proteins in the low oxygen conditions of the leguminous root nodule.
Mature leguminous root nodules contain proteins related to the process of N2 reduction which have not been reported in either uninoculated host plants or free-living Rhizobium. These proteins include a form of hemoglobin termed leghemoglobin, the enzyme complex nitrogenase which actually catalyzes the reduction of N2, and electron carriers capable of transferring reducing power to nitrogenase (5) . It has been shown that genetic information for leghemoglobin is carried by the host plant (2, 4) . The site of DNA coding for nitrogenase and the electron carriers in this system is not known.
Rhizobium japonicum cells isolated from soybean root nodules, commonly termed bacteroids, contain a NHIP1 similar to Azotobacter ferredoxin and a second electron transport factor that appears to be analogous to azotoflavin from Azoto- bacter (1, 6, 9) . The primary characteristic of these proteins is their ability to transfer electrons from spinach chloroplasts lacking photosystem II Anaerobic conditions were maintained throughout the extraction and purification procedure. Harvested cells were suspended in an equal weight of 0.10 M TES, pH 8.5, and ruptured in a French pressure cell at 16,000 lb/in2. The macerate was collected anaerobically in a 50-ml polycarbonate centrifuge tube containing 0.1 ml of 0.5 mg/ml RNase and 0.01 ml of 0.5 mg/ml DNase. After centrifugation at 48,000g for 60 min, the supernatant formed a crude extract which was heated at 50 C for 3 min under N2 in a sealed centrifuge tube. The tube was cooled immediately on ice and centrifuged at 48,000g for 30 min. The supernatant was chromatographed on DEAE-cellulose (Whatman DE 52) in a 2-X 5-cm column with an external water jacket maintained at 10 C. The details of each chromatographic procedure are described in legends of tables and figures.
The standard assay described by Koch et al. (6) was used. This procedure measured the capacity of a sample to transfer electrons from spinach chloroplasts lacking photosystem II to soybean nodule nitrogenase. Nitrogenase activity was monitored by measuring the conversion of acetylene to ethylene with a gas chromatograph. Sodium ascorbate, 2,6-dichlorophenol-indophenol, and an ATP-generating system were required for activity. Soybean nitrogenase and chloroplast fragments were prepared by published procedures (6) . Protein contents of extracts were determined by a modified Folin technique (7).
RESULTS AND DISCUSSION
Preliminary experiments with R. japonicuin cells grown anaerobically in a medium containing 6 mm KNO3 showed the presence of material active in the photochemical assay (Table  I ). The active factor required an ATP-generating system, light, and nitrogenase to reduce acetylene to ethylene. The very low level of activity observed in light without an added factor was ELECTRON CARRIERS FROM RHIZOBIUM Table I . Activity of an Extract from Anaerobically Grown R. japonicum in the Photochemical Acetylene Reduction Assay Crude extract from 25 g of cells was applied to a DEAE-cellulose column equilibrated with 0.1 M TES, pH 7.5. The column (2 X 3 cm) was rinsed with 40 ml of 0.1 M TES, pH 7.5, followed by 20 ml of 50 mm NaCI in 0.1 M TES, pH 7.5. The factor assayed below was eluted with 20 ml of 0.2 M MgCI2 in 0.1 M TES, pH 7.5. The complete reaction mixture contained a photochemical reducing system, bacteroid nitrogenase, an ATP-generating system, and buffer at concentrations indicated in the standard assay of Koch et al. (6) attributed to endogenous ferredoxin remaining in the spinach chloroplast fragments. This background activity of the chloroplasts was subtracted in each photochemical assay to compute the activities reported in this study.
The results in Table I suggested that a more extensive purification might reveal the presence of NHIP. Accordingly, a purification procedure similar to that used by Koch et al. (6) was applied to an extract of 31.4 g of R. japonicum grown anaerobically in 6 mm KNOS. The results of this experiment are presented in Table II . No factors active in the photochemical assay were detected in the crude extract. The heat treatment removed some inhibitory compounds, and further purification by chromatography on DEAE-cellulose increased both total and specific activities (Table II) (Table  II) were combined, desalted, and rechromatographed on DEAE-cellulose, the elution pattern in Figure 1 assayed for their capacity to transfer electrons from spinach chloroplast fragments lacking photosystem 1I to soybean nodule nitrogenase. One unit of activity represents 1.0 nmole ethylene/min. A DEAE-cellulose column with a void volume of 7 ml was equilibrated with 20 mm TES, pH 7.5. After applying the sample, the column was rinsed with 30 ml of 20 mM TES, pH 7.5. Fractions were eluted anaerobically with a stepwlse gradient consisting of 20 ml of 50 mm MgCI2, 20 ml of 0.10 Ni MgCl2, and 20 ml of 0.15 M MgCI2. All salts were prepared in 20 mM TES, pH 7.5. Each "front" sample contained a pigmented protein which eluted immediately after the void volume. "Tail" samples were collected behind the front vial until the eluate was translucent. Relationship between ethylene produced in the photochemical test and the amount of protein assayed. Data were taken from a sample analogous to fraction 7 in Table II which Figure 2 . A 1-nl sample containing 0.10 mg protein/ml was examined in a quartz cuvette with a 1-cm light path. Spectra were recorded in air with and without 0.10 mg of sodium dithionite.
: in air; -----: dithionite-reduced.
bacteroids produces an interesting comparison. If any of the active fractions from the two sources are identical, the one from anaerobic Rhizobium that elutes in 77 mM MgCl2 probably corresponds to the factor from bacteroids that was obtained by elution with 80 mm MgCl2. One would not expect to find a bacteroid factor corresponding to the activity in Figure 1 which eluted with 62 mm MgCl2. Koch et al. (6) rinsed their first DEAE-cellulose column with 80 mM MgCl2 in 20 mm TES, pH 7.5. This step eliminated any material which would elute from the second column with 62 mm MgCl1. Alternatively, this active fraction may not be present in the soybean bacteroids.
The NHIP from soybean bacteriods eluted between 0.12 M MgCl2 and 0.15 M MgCl2 in 20 mm TES, pH 7.5 (6) . It is possible, therefore, that fraction 7 in Table II was NHIP. Specific activity values suggested that if fraction 7 were NHIP, it was only 25% as pure as the material isolated by Koch et al. (6) .
An attempt was made to increase the specific activity of fraction 7 by modifying the chromatographic procedure. A sample of 12.7 g of anaerobically grown R. japonicum was extracted and purified as in Table II , except that the DEAEcellulose chromatography was conducted in 0.10 M TES, pH 7.5. With this modification 3.0 ml of the 0.15 M MgCl2 eluate corresponding to fraction 7 contained 0.30 mg of protein and possessed a specific activity of 242. Figure 2 shows the linear relationship between the amount of this fraction added and the ethylene produced in the photochemical assay.
A Cary Model 11 spectrophotometer was used to examine the protein sample assayed in Figure 2 . Data in Figure 3 show oxidized and reduced spectra which were very similar, although not identical, to those reported by Koch et al. (6) for bacteroid NHIP. It is possible that the slight differences between the spectra in Figure 3 and those previously published (6) are due to impurities. It is equally possible that the factor shown in Figure 3 is different from that obtained from R. japoniculn bacteroids.
If material in Figure 3 is identical to NHIP, then it is apparent that much more NHIP is produced by soybean bacteroids than by anaerobically grown R. japonicum. Koch et al. (6) (8) .
